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© The microcomputer according to the invention 
comprises registers RA, RB defining an address 
area A1 (RA)... A2 (RB). Further, comparators CPA, 
CPB are provided for indicating whether an address 
signal on an address bus AB outputted by a proces- 
sor unit lies within said specific address area A1 

FIG. 2 



(RA)...A2 (RB). In this case the bus width or bus size 
of the microcomputer is adjusted according to the 
peripheral circuits (interfaces, memories ...) in this 
address area. 
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MICROCOMPUTER WITH ADDRESS REGISTERS FOR DYNAMIC BUS CONTROL 


BACKGROUND OF THE INVENTION 

The present invention relates generally to a 
microcomputer and, more particularly, to a single 
chip microcomputer capable of constituting a data 
processing system together with a system resource 
having different data bus sizes or cycles. 

In order to improve the general-purpose prop- 
erties of a microcomputer to be developed, there 
are taken counter-measures for enhancing the 
generaipurpose properties of either the internal 
functions or the external interface functions of the 
microcomputer. 

In order to enhance the general-purpose prop- 
erties of the internal functions of the microcom- 
puter, the following counter-measures are taken: 
The internal memory to be programmed is made of 
an electrically programmable read only memory 
(as will be referred to as "EPROM"); The number 
of bits or the general-purpose registers themselves 
to be packaged in the microcom puter is increased; 
and the internal peripheral circuits of the micropro- 
cessor are exemplified, considering various appli- 
cations, by a free running timer, an analog-to-digital 
converter, a pulse width modulation (i.e,. PWM) 
timer, a serial communication interface circuit or a 
direct memory access controller. 

In order to enhance the external interface func- 
tions, on the other hand, a wait control circuit is 
packaged in a microprocessor so as to facilitate the 
interface with a low speed memory such as a 
dynamic random access memory, or a dynamic 
bus sizing function is given to the microprocessor. 

The dynamic bus sizing function is one to give 
the microcomputer dynamically a 4-bit interface or 
an 8- bit interface so as to make possible the data 
exchange between an external device having a 
data bus width of 4 or 8 bits and an external 
microcomputer of 16-bit interface in case the width 
of the data bus belonging intrinsically to the micro- 
computer, i.e,. the number of external data termi- 
nals is 16 bits, for example. In other words, the 
function to change the bus operations dynamically 
according to the various external conditions is 
called the dynamic bus sizing function. 

This dynamic bus sizing function is important 
for dropping the cost of a data processor system 
having the microcomputer and for augmenting the 
degree of freedom for designing the aforemen- 
tioned data processor system. 

The present invention has been conceived in 
the course of enhancing the general-purpose prop- 
erties of the aforementioned dynamic bus sizing 
function and pursuing the high-speed operations. 


SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a microcomputer enabled to change the bus size 
5 dynamically at a high speed and with general- 
purpose properties and a method for the micro- 
computer. 

Another object of the present invention is to 
provide a microcomputer enabled to change not 

w only the bus sizes but also the bus cycles dynam- 
ically and a method for the microcomputer. 

The foregoing and other objects and novel 
features of the present invention will become ap- 
parent from the following description to be made 

15 with reference to the accompanying drawings. 

In a microcomputer, there are packaged one or 
more registers, by which a specific address area 
can be accessed. The microprocessor itself ac- 
knowledges the access, if any to the address in the 

20 specific address area, to change the data bus width 
of the microcomputer dynamically. 

The microprocessor itself acknowledges wheth- 
er or not the address to be accessed is the specific 
address area set in the aforementioned registers, 

25 and can change the bus width dynamically at a 
high speed and with the general-purpose prop- 
erties. 

Moreover, the bus controller of the microcom- 
puter comprises: a first address register for ad- 

30 dressing an address area (or range) for which a 
bus width is to be changed; a second address 
register for addressing an address area (or range) 
for which a bus cycle is to be changed; and com- 
parison means for comparing the individual ad- 

35 dress areas addressed by said first and second 
address registers and an address signal out-putted 
from a bus master such as a central processing 
unit onto an internal address bus. 

Thus, it is possible to acknowledge whether or 

40 not the address addressed by the address signal 
on the internal address bus is within the address 
area addressed by said first address register, 
whether or not the same is within the address area 
addressed by said second address register, or 

45 whether or not the same is within both the address 
areas addressed by said first and second address 
registers. 

As a result, in case a data processing system 
is to be constituted by using the microcomputer, as 
so specified above, the degree of freedom for select- 
ing a memory unit or a peripheral circuit to be 
incorporated into the aforementioned data process- 
ing system so that the degree of freedom for 
designing the system can be drastically improved. 
Thanks to this improvement in the degree of free- 
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dom for the selection, moreover, a memory unit or 
a peripheral circuit at a low cost can be selected to 
drop the cost for the data processing system. 


BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(a) is a block diagram showing a data 
processing system according to the present in- 
vention; 

Fig, 1(b) is a memory map showing a micro- 
computer according to the present invention; 
Fig. 2 is a block diagram showing a portion of a 
data bus controller according to the present 
invention; 

Fig. 3 is a diagram showing a bit structure of the 

address register RA (or RB) of Fig. 3; 

Fig. 4 is a memory map showing an address 

area including an 8-bit/1 6-bit interface, which is 

set by using the data bus controller of Fig. 2; 

Fig. 5 is a circuit diagram showing one example 

of the output circuit of a data input/output buffer 

according to the present invention; 

Fig. 6 is a circuit diagram showing one example 

of the input circuit of a data input/output buffer 

according to the present invention; 

Fig. 7 is a circuit diagram showing one example 

of a clocked inverter circuit; 

Fig. 8 is a circuit diagram showing one example 

of the output buffer circuit of Fig. 5; 

Fig. 9 is a timing chart showing a write cycle of 

a 16-bit/8-bit interface according to the present 

invention; 

Fig. 10 is a timing chart showing a read cycle of 
a 16-bit/8-bit interface according to the present 
invention; 

Fig. 11 is a block diagram showing a portion of 
another bus controller according to the present 
invention; 

Fig. 12 is a diagram showing one example of an 
address space set by using the bus controller of 
Fig. 11; 

Fig. 13(a) is a timing chart showing a 2-state 

bus cycle and a 16-bit bus interface; 

Fig. 13(b) is a timing chart showing a 3-state 

bus cycle and an 8-bit bus interface; 

Fig. 14 is a timing chart showing a 3-state bus 

cycle and a 16-bit but interface; and 

Fig. 15 is a timing chart showing a 3-state and 

8-bit bus interface. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows a data processing system accord- 
ing to the present invention. As shown, a micro- 
computer 1 is formed in one semiconductor sub- 
strate of singie-crystalline silicon or the like, as 


designated by single-dotted lines, by the well- 
known technology for forming the CMOS. The 
microcomputer 1 is equipped with twenty four ad- 
dress output terminals AO to A23 and sixteen 

5 input/output terminals DO to D15, through which it 
is linked to an external address bus (SAB) 2 includ- 
ing twenty four signal lines and an external data 
bus (SDB) 3 including sixteen signal lines. In other 
words, the microcomputer 1 is designed on the 

io basis of such a 16-bit architecture that the 
input/output bit number of data to the outside can 
be executed at a unit of 16 bits (i.e., 1 word). As is 
apparent from Fig. 1, the external data bus 3 is 
composed of an 8-bit external data bus SDB(H) of 

15 higher rank and an 8-bit external data bus SDB(L) 
of lower rank. Moreover: a peripheral interface 
adapter (PIA) 4 and a floppy disc controller (FDC) 
5, which are designed on the basis of the 8-bit 
architecture; and san external random access 

20 memory (RAM) 6, an external read only memory 
(ROM) 7 and a direct memory access controller 
(DMAC) 8, which are designed on the basis of the 
16-bit architecture, are linked to the microcomputer 
1 through the aforementioned external address bus 

25 2 and external data bus 3. In other words, the 
system resources (PIA4 and FDC5) having a data 
bus size different from the data bus size (i.e., 16 
bits) of the microcomputer 1 are packaged in the 
data processing system. As a result, this micro- 

30 computer 1 includes a later-described bus control- 
ler (BUS CONT) 40 into which the dynamic data 
bus sizing function is incorporated. 

First of all, the internal blocks of the microcom- 
puter 1 will be described in the following. 

35 A microprocessor unit MPU 10 includes: an 

execution unit having a variety of 16-bit registers 
such as a 16-bit arithmetic logic unit (ALU) or a 
program counter; and a sequence control unit for 
controlling the operations of the execution unit. The 

40 sequence control unit includes: a macro instruction 
register for holding a macro instruction; a macro 
instruction decoder for decoding the output of the 
macro instruction register; a micro ROM adapted to 
be controlled by the outputs of the macro instruc- 

45 tion decoder and having a plurality of micro instruc- 
tions; and a micro instruction decoder for decoding 
the micro instructions outputted from the micro 
ROM to control the operations of the aforemen- 
tioned execution unit substantially. Incidentally, in 

50 case one macro instruction is to be executed, the 
micro ROM is accessed at first by the outputs of 
the macro instruction decoder. Then, the micro 
ROM is accessed on the basis of the next address 
data in a next address field of the micro instruc- 

55 tions outputted from the micro ROM. In other 
words, in order to execute one macro instruction, 
one or plural micro instructions are sequentially 
read out from the micro ROM. 
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The aforementioned microcomputer 1 further 
comprises internal modules: a 16-bit output read 
only memory (ROM) 12 for storing a data process- 
ing program; a 16-bit input/output random access 
memory (RAM) for providing operation areas for 
the aforementioned CPU 10 and storing data; an 
analog-to-digital converter (A/D CONV) 1 6 for con- 
verting analog signals to digital data; a serial com- 
munication interface circuit (SCI) 18 for converting 
either serial data inputted from the outside of the 
microcomputer 1 to parallel data or internal data of 
the microcomputer 1 to serial data to output them 
to the outside of the microcomputer 1; a timer (TM) 
20; and a free running timer (FRT) 22. 

The aforementioned A/D converter 16 receives 
input signals from analog sensors 23 such as tem- 
perature sensors, which are disposed outside of 
the microcomputer 1, through external terminals 
ANO and AN1 to convert the analog signal inputted 
to the external terminal ANO or AN1 to a digital 
signal in accordance with a program. The A/D 
converter 16 includes therein a 8-bit data register 
for storing the converted digital data and a control 
register for controlling the operations of the A/D 
converter 16. This control register is made to have 
a storage capacity of 8 bits, for example, and a 
predetermined address and can be read and writ- 
ten by the MPU 10. On the other hand, the afore- 
mentioned data register has a predetermined ad- 
dress so that the data stored therein are read out 
by the access of the MPU 10. 

The aforementioned serial communication in- 
terface (SCI) 18 is linked to a peripheral device 27 
through a serial clock input/output terminal SCK, a 
serial data input terminal RXD and a serial data 
output terminal TXD. In case the serial communica- 
tion interface (SCI) 18 is in a clock synchronization 
mode, for example, it outputs serial data (or trans- 
fer data) to the aforementioned terminal TXD in 
synchronism with the aforementioned transfer clock 
while outputting the transfer clock through the 
aforementioned terminal SCK. In response the 
serial data, on the other hand, the aforementioned 
SCI 18 receives the reception clock inputted at the 
aforementioned terminal SCK and the serial data 
(or reception data) synchronized with the reception 
clock through the terminal RXD. The SCI 18 is 
exemplified by including a readable 8-bit reception 
data register, a readable/writable 8-bit transmission 
data register and a readable/writable 8-bit control 
register, all of which are adapted to be accessed 
by the MPU. 

The aforementioned timer (TM) 20 is linked to 
the peripheral device 27 through a timer output 
terminal TMO, a timer clock input terminal TMCI 
and a timer reset input terminal TMRL The timer 
(TM) 20 includes therein a 8-bit counter and a 8-bit 
readable/writable time constant register. For exam- 


ple, the counter counts either at the rise or break or 
at the edge of the rise/break of an external clock 
inputted to the terminal TMCI. The counted value 
of the counter is compared with the time constant 

5 data which is set in the time constant register by 
the MPU 10. In case the comparison finds out a 
coincidence, the timer (TM) 20 outputs a coinci- 
dence signal (or a compare match signal) to the 
terminal TMO. The counted value of the counter 

w can be reset, if necessary, with a clear signal to be 
applied to the aforementioned terminal TMRI The 
timer (TM) 20 includes a readable/writable 8-bit 
control register to be accessed by the MPU so as 
to control the operations of the timer (TM) 20. 

75 The aforementioned free running timer (FRT) 

22 is linked to the peripheral device 27 through 
output compare signal output terminals FTOA and 
FTOB and an input capture signal input terminal 
FTI. The timer FRT 22 includes a 16-bit free run- 

20 ning counter, readable/writable 16-bit first and sec- 
ond output compare registers, a readable 16-bit 
input capture register, a readable/writable 8-bit tim- 
er control register, and a readable/writable 8-bit 
timer status register. Incidentally, the 16-bit register 

25 is adapted to be read or written for every 8 bits by 
the MPU 10. In case pulses having a duty ratio of 
50 % are to be outputted in an arbitrary phase 
from the terminals FTOA and FTOB, both the up- 
per limit value (e.g., "A000" in the hexadecimal 

30 notation) of the counted value of the free running 
counter and the half value (e.g. , "5000" in the 
hexadecimal) of the upper limit data of the free 
running counter are written in the first and second 
output compare registers, respectively, by the MPU 

35 10. moreover, the counter clear bit of the timer 
status register is set, and the free running counter 
is reset with the value ("A000") set in the first 
output compare register. As a result, the pulse 
signal outputted from the terminal FTOA is made 

40 so periodic that it is given a high level for a time 
period from a reset to a subsequent reset of the 
free running counter and a low level for a time 
period from the subsequent reset to a further sub- 
sequent reset On the other hand, the pulse signal 

45 to be outputted from the terminal FTOB has its 
output level inverted each time the value ("5000") 
of the second output compare register and the 
counted value of the free running counter match 
each other. Thus, the two pulse signals to be 

50 outputted from the terminals FTOA and FTOB have 
a duty ratio of 50 % and an out-of phase of 90 
degrees. 

In response to the signal inputted to the termi- 
nal FTI, moreover, the counted value of the free 
55 running counter is set in the input capture register. 
The MPU 10 is enabled to measure the period or 
width of the pulses by reading out the counted 
value which is set in the input capture register. 
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Thus, each of the peripheral circuits (e.g., A/D 
CONV, SCI, TM and FRT) packaged in the micro- 
computer 1 has the register which can be acces- 
sed by the MPU 10. Predetermined different ad- 
dresses are assigned to those individual registers. 
Predetermined addresses are naturally assigned to 
the storage areas in the internal ROM 12 and RAM 
14 and the various registers in the MPU 10. As a 
result the predetermined individual addresses are 
assigned to the address spaces of the MPU 10. 

The microcomputer 1 has the following compo- 
nents. A clock pulse generator MPG generates a 
variety of clock pulses for controlling the operation 
timing of the MPU 10 and the operations of the 
internal peripheral modules (e.g., A/D CONV 16, 
SCI 18, TM 20 and FRT 22). The CPG 24 is 
connected with the quarts oscillator 26, for exam- 
ple, through external terminals X1 and X2 and 
generates a system clock 0 of 10 MHz, for exam- 
ple, by halving the frequency of the original fre- 
quency (e.g., 20 MHz) generated from the quarts 
oscillator 26. For simplicity of illustrations, there is 
shown only the system clock 0 to be fed to the 
MPU 10. As a matter of fact, however, the CPG 24 
further generates clock pulses (0/2 to 0/4096) for 
the peripheral modules 16, 18, 20 and 22. 

An interrupt controller (INT CONT) 28 receives 
both interrupt requests, which are inputted from the 
PIA4 and the DMAC 16 through external terminals 
INTO and INTI, and an internal interrupt request 
UNT, which is inputted from the peripheral modules 
16, 18, 20 and 22, to generate an interrupt request 
INT to the MPU 10. The INT CONT 28 includes a 
readable/writable 8-bit priority control register and 
responds to one of a higher rank of plural interrupt 
requests, if any, in accordance with a predeter- 
mined priority. In response to the interrupt request 
INT, the MPU 10 is shifted from an ordinary data 
processing mode (i.e., an operation mode accord- 
ing to the program in the ROM 12) to an interrupt 
processing routine to execute the interruption to 
the interrupt request 

A mode controller (MODE CONT) 30 is linked 
through external terminals MD0, MD1 and MD2 to 
a mode setting circuit (MODE SET CKT) 32 and 
acknowledges the voltage level (e.g., a high or low 
level) of the terminals MD0 to MD2 set by the 
mode setting circuit 32 to generate a mode signal 
MD for the MPU 10 and the later-described bus 
controller 40. In other words, the mode controller 
30 can acknowledge a combination of eight kinds 
of voltage levels of the individual terminals MD0, 
MD1 and MD2. However, the microcomputer 1 has 
five kinds of operation modes, i.e, a single chip 
mode, extended minimum modes 1 and 2, and 
extended maximum modes 3 and 4, all of which 
are acknowledged by the aforementioned mode 
controller 30. On the other hand, the mode signal 


MD is deemed to contain five signals in correspon- 
dence to the five kinds of modes. 

Fig. 1(b) is a memory map of an address 
space enumerating the aforementioned five kinds 

5 of modes. In Fig. 1(b): letter R designates address 
areas of the aforementioned or later-described var- 
ious registers in the internal blocks 16, 18, 20, 22, 
28, 36 and 40; letters I RAM designate address 
areas of the RAM 14; letters IROM designate ad- 

w dress areas of the ROM 12; letters EX designate 
address areas of the external memories (RAM 6 
and ROM 7) and various registers in the external 
peripheral circuits (PIA 4, FDC5 and DMAC 8) 
which can be accessed by the microcomputer 1; 

75 and letter B designates vector access for interrupt 
and exceptional processings. Incidentally, in case 
the microcomputer 1 is not equipped with the ROM 
12 and RAM 14, its operation modes are the afore- 
mentioned modes 1, 2, 3 and 4, and the IRAM and 

20 IROM in Fig. 1(b) are address areas EX. In Fig. 1- 
(b), moreover, the first and last addresses of the 
address areas are expressed in the hexadecimal 
notation. 

The microcomputer 1 shown in Fig. 1(a) further 

25 includes the following components. 

A system controller (SYS CONT) is linked to 
the DMAC 8 through external terminals X3 and X4 
and to the MPU 10. This SYS CONT 34 controls 
whether or not a bus acknowledgment BACK is to 

30 be generated to the DMAC 8, when the DMAC 
generates a bus request BREQ in response to a 
data transfer request TRQ from the FDC 5. The 
DMAC issues a data transfer acknowledgment TAC 
to the FDC 5, when it receives the bus acknowi- 

35 edgment, to execute the direct memory access. In 
short, the SYS CONT 34 has a bus arbiter function. 

A wait state controller (WAIT CONT) 36 is 
linked through an external terminal WAIT to the 
low-speed external device (FDC5 or ROM 7). The 

40 WAIT CONT 36 includes an 8-bit control register 
which can be read and written by the MPU 10. The 
WAIT CONT 36 is provided for facilitating the inter- 
face between the aforementioned low-speed exter- 
nal device and the microcomputer 1 and outputs a 

45 wait signal WT to the MPU 10 so as to elongate 
the bus cycle by inserting a predetermined number 
of wait states into the bus cycle. The aforemen- 
tioned register is provided for selecting the wait 
modes and the wait state number. The wait modes 

so are: a programmable wait mode in which wait 
states of a number selected when the MPU 10 
accesses the external address space are inserted 
into the bus cycle; a terminal wait mode in which 
wait states of a number selected when the MPU 1 

55 accesses the external address space are inserted 
into the bus cycle and in which the wait states are 
continuously inserted til! the aforementioned termi- 
nal WAIT is raised to the high level in case the 
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terminal WAIT is at the low level; and an auto-wait 
mode in which wait states of a number selected 
only when the terminal WAIT is at the low level are 
inserted into the bus cycle. Incidentally, it is 
deemed that the applications of the WAIT CONT 
36 relating to the terminal wait mode and the auto- 
wait mode are described. 

An address output buffer (AOB) 38 has a func- 
tion to output an address signal, which is outputted 
from the MPU 10 acting as the bus master and 
received through the internal address AB, to the 
external address bus SAB through the address 
output terminals AO to A23. 

A data input/output buffer (IOB) 50 outputs the 
data on the internal data bus DB to the external 
data bus SDB through the data input/output termi- 
nals DO to D15 or inputs the data on the internal 
data bus SDB, which are received through the data 
input/output terminals DO to D15, to the internal 
data bus. The data input/output buffer 50 has its 
operations controlled by control signals BS, DOC 
and DIC which are outputted from the MPU 10. 

Terminals X5 and X6 are fed with the operation 
voltages Vcc at 5 volts or the like and GND at 0 
volts or the like of the microcomputer 1, and termi- 
nals X7 and X8 are fed with reference voltages 
AVcc and AGND of the A/D CONV 16. 

The bus controller (BUS CONT) 40 is linked to 
the external peripheral circuits 4, 5, 6, 7 and 8 
through external terminals AS , RD , HWR and 
LWR to generate address strobe signal, a read 
signal, a higher byte write signal and a lower byte 
write signal at the aforementioned terminals AS , 
RD , HWR and LWR , respectively, in response to 
a control signal C coming from the MPU 10 when 
the MPU 10 accesses the external address space. 
The bus controller 40 includes: a timing signal 
generator for generating the address strobe signal, 
the read signal, the higher byte write signal and the 
lower byte write signal on the basis of the afore- 
mentioned control signal C; and an address detec- 
tor for changing the data bus size. 

Fig. 2 shows the detector in the bus controller 
which has a circuit structure, as will be described 
in the following. 

Registers (RA) 401 and (RB) 402 individually 
have a bit width of 1 bit or more and are used for 
addressing the address areas. These registers RA 
and RB are made to have a storage capacity of 8 
bits, i.e 3 . a 8-bit structure. This structure of the 
register RA or RB is shown in Fig. 3. 

These registers RA and RB are assigned with 
specific addresses like the various registers owned 
by the MPU 10 and are connected with the internal 
data bus DB. As a result, an arbitrary address area 
can be addressed by writing the registers RA and 
RB from the MPU 10. 

The address information held in the register RA 


is inputted to a comparator CPA 403. The address 
information held in the register RB is inputted to 
the comparator CPB 404. The comparators CPA 
and CPB have their other inputs fed through the 

5 internal address bus AB with the address signal to 
be accessed by the MPU 10. The comparators 
CPA and CPB compare the address information set 
in the registers RA and RB and the address signal 
on the internal address bus to output comparison 

io result signals CRS1 and CRS2. These result sig- 
nals are transmitted to the MPU 10 to discriminate 
from the comparison output result CRS of the two 
comparators CPA and CPB whether or not the 
external address to be accessed belongs to the 

75 specific address area addressed by the registers 
RA and RB. This discrimination result is reflected 
upon the control signal BS. 

The IOB 50 is interposed between the internal 
data bus DB and the external data bus (or system 

20 bus) SDB. This IOB 50 performs a bus width 
change, as will be described hereinafter, in re- 
sponse to the aforementioned control signal (or bus 
width select signal) BS. 

The aforementioned mode signal MD is fed to 

25 the comparators CPA and CPB. When the mini- 
mum extension modes 1 and 2 are designated with 
the mode signal MD, for example, the address bus 
AB outputs a 16-bit address signal to the outside to 
enable the MPU 10 to access an area of about 64 

30 Kbytes. When the maximum extension modes 3 
and 4 are designated with the mode signal MD, the 
address bus AB outputs of a 24-bit address to 
enable the MPU to access an area of about 16 
Mbytes. 

35 In case the area addressing registers RA and 

RB have an 8-bit width, as described above, the 
corresponding comparators CPA and CPB have an 
input of a 8-bit width. As a result, when the modes 
1 and 2 are designated, the address signal of 8 

40 bits, which is inputted to the comparators CPA and 
CPB, is the higher 8 bits (i.e., 8th to 15th) of the 
address signal of 16 bits. In other words, the area 
addressing unit for the registers RA and RB to 
address is 256 bytes. If a common address in- 

45 formation is inputted to the registers RA and RB, 
for example, it is used as the higher 8-bit address 
for addressing the area of 256 bytes. 

When the modes 3 and 4 are designated, on 
the contrary, the 8-bit address signal to be inputted 

so to the comparators CPA and CPB is the higher 8 
bits (i.e., 16th to 23rd) of the address signal of 24 
bits. In other words, the area addressing unit for 
the registers RA and RB to address is about 64 
Kbytes. If a common address information is input- 

55 ted to the registers RA and RB, for example, it is 
used as the higher 8-bit address for addressing the 
area of about 64 Kbytes. The bit structure of the 
registers RA and RB shouid not be limited to that 
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shown in Fig. 3 but may be made to have 24 bits, 
respectively. According to the structure of Fig. 3, 
however, the cost for the microcomputer 1 can be 
dropped. 

Fig. 4 is a conceptional diagram showing the 
address space to be designated by the aforemen- 
tioned registers. Incidentally, the letters EX appear- 
ing in Fig. 4 are construed to indicate the letters 
EX in the memory map relating to the modes 1 to 
4 shown in Fig. 2. 

If the address A1 is designated by the register 
RA and if the address A2 is designated by the 
register RB, the area from the address A1 to the 
address A2 is set, as hatched in Fig. 4. When the 
address designation from the address A1 to the 
address A2 is executed, the MPU decides whether 
or not the aforementioned area is designated from 
the comparison outputs of the aforementioned 
comparators CPA and CPB. If in the address des- 
ignated area, the control signal BS is generated to 
make a change to the interface through the 8-bit 
bus. Otherwise, the interface is the bus interface of 
16 bits. 

The advantage of the method thus far de- 
scribed is that the external device of 8-bit architec- 
ture can be freely adopted in the data processing 
system even in case the external address area is in 
the middle of the memory map, as in the minimum 
extension modes 1 and 2. 

Fig. 5 is a circuit diagram showing one em- 
bodiment of the output line of the input/output 
buffer IOB 50 having the aforementioned bus width 
changing func tion. 

Upstream of the output circuits DOB0 to 
DOB15 for transmitting signals IDO to ID15 of the 
internal data bus DB to the external terminals DO to 
D15, there is disposed a multiplexer which is con- 
structed of a clocked inverter (i.e., a three-state 
output circuit), although not limited thereto, in other 
words, the signals IDO to ID7 of the internal data 
bus DB are fed to the inputs of the corresponding 
output circuits DOB0 to DOB7 through clocked 
inverters CNO to CN1. 

On the other hand, the higher 8-bit signals 1D8 
to ID15 of the internal data bus DB are fed on one 
hand to the inputs of DOB8 to DOB15 correspond- 
ing to the higher 8 bits of the 16-bit bus width 
through clocked inverters CN2 and CN3, as illus- 
trated as representatives, and on the other hand to 
the inputs of the output circuits DOB0 to DOB7 
corresponding to the 8-bit bus width through cloc- 
ked inverters CN4 and CN5, as illustrated as repre- 
sentatives. 

A control signal L is fed to the control terminals 
of the aforementioned clocked inverters CNO and 
CN1 . A control signal U is fed to the control circuits 
of the aforementioned clocked inverters CN2 and 
CN3. A control signal u' is fed to the control 


terminals of the clocked inverters CN4 and CN5. 
These individual clocked inverters CNO to CN5 are 
rendered operative to transmit their signals, when 
the corresponding control signals L, U and U' are 

5 at the high level (i.e., the logic "1"), and are 
brought into an output high-impedance state when 
the corresponding control signals L, U and U are 
at the low level (i.e., the logic "0"). 

On the other hand, the output circuits DOB0 to 

10 DOB15 have their operations controlled with the 
output control signal DOC to be outputted from the 
MPU 10. When the data is outputted as in the write 
cycle of the memory, for example, the output con- 
trol signal DOC is raised to the high level. Accord- 

75 ingfy, the output circuits DOB0 to DOB15 are ren- 
dered operative to output the write data or the like 
generated by the MPU 10. When, on the contrary, 
the data is inputted as in the read cycle of the 
memory, the output control signal DOC is dropped 

20 to the low level. Accordingly the output circuits 
DOB0 to DOB15 are brought into the output high- 
impedance state "Z" so that the data input circuit 
of Fig. 6 is rendered operative to input the data 
from a system bus ADB. 

25 Fig. 6 shows one embodiment of the input line 

of the input/output buffer IOB 50. 

Clocked inverters CNi are disposed down- 
stream of the input circuits DIC0 to DIC15 which 
are made receptive of the signals of the external 

30 data buses SDB(H) and SDB(L) at their inputs. In 
the read cycle as when these clocked inverters CNi 
receive the input control signals DiC at their control 
gates, e.g., when the clocked inverters read data 
from the outside, the MPU outputs the input control 

35 signal DiC at the high level to render the clocked 
inverters CNi conductive. Since, at this time, the 
MPU 10 outputs the output control signal DOC at 
the low level so that the outputs of the output 
circuits DOB0 to DOB15 are brought into the high- 

40 impedance state ("Z"). 

The outputs of the aforementioned inverters 
CNi are linked to the internal data bus DB through 
both inverters INV0 to INV15 and a multiplexer 
including the clocked inverters CN6 to CN11. 

45 The clocked inverters CN6 to CN9 in the mul- 

tiplexer transmit the data on the external terminals 
DO to D15 as the internal data IDO to ID15 to the 
internal data bus DB. On the other hand, the cloc- 
ked inverters CN10 and CN11 transmit the data on 

so the external terminals DO to D7 as the internal data 
!D8 to ID15 to the higher 8 bits of the internal data 
bus DB. 

In case the 16-bit bus interface is taken, the 
control signals l' and U ' to be impressed upon the 
55 control terminals of the aforementioned inverters 
CN6 to CN9 are raised to the high level (i.e., the 
logic = 1) to render the individual inverters CN6 to 
CN9 conductive, and the control signal u" to be 
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impressed upon the control terminals of the afore- 
mentioned inverters CN10 and CN11 is dropped to 
the low level (i.e., the logic = 0) to bring the 
outputs of the inverters CN10 and CN11 into the 
high-impedance state ("Z"). 

In case the 8-bit bus interface is taken, on the 
other hand, the control signals L , U and U are 
caused to take either the high, low and low levels 
or the low, high and low levels. 

Fig. 7 shows a circuit example of the clock 
inverters CN shown in Figs. 5 and 6, and Fig. 8 
shows a circuit example of the output circuit DOB1 
of Fig. 5. Both of these circuits are constructed of 
CMOS circuits containing P-ch MOSFETs and N-ch 
MOSFETs. The operations of these circuits will not 
be described because they seem well known to 
those skilled in the art. 

Fig. 9 is a timing chart showing the operations 
of the write cycle of the aforementioned 
input-output buffer IOB shown in Fig. 5. The MPU 
10 outputs an address signal n corresponding to an 
address in the bus interface area of 16 bits, as 
shown in Fig. 4, to the interna! address bus AB in 
case it is going to access said address. The MPU 
10 acknowledges from the outputs of the compara- 
tors CPA and GPB that the address belongs to the 
bus width area of 16 bits. As a result, the MPU 10 
sets, as the control signals BS, the control signals 
U and L to the logic "1" and the control signal u' 
to the logic "0". Then; the aforementioned clocked 
inverters CN0 and CN1 , and CN2 and CN3 are 
rendered operative. As a result, the lower 8-bit 
signals ID0 to ID7 on the internal data bus DB are 
transmitted to the inputs of the output circuits 
DOB0 to D0B7 through the clocked inverters CN0 
and CN1, as illustrated as representatives. The 
higher 8-bit signals IDB to ID15 of the internal data 
bus DB are transmitted to the inputs of the output 
circuits DOB8 to DOB15 through the clocked in- 
verters CN2 and CN3, as illustrated as representa- 
tives. As a result, in response to the output control 
signal DOC and in accordance with the operation 
states of the output circuits DOB0 to DOB15, the 
16-bit data composed of the ID0 to ID7 and ID8 to 
ID15 are transmitted in one write cycle containing 
first and second states T1 and T2 to external data 
buses SDB(H) and SDB(L) of 16-bit width through 
the output terminals DO to D15. At this time, both 
the higher byte write signal HWR and the lower 
byte write signal LWR are dropped in the second 
state T2 to the low level to inform the external 
device such as a memory of the fact that the write 
cycle has the 16-bit data. 

In case, on the other hand, the MPU 10 is 
going to access the address in the bus interface 
area of 8 bits, as shown in Fig. 4, it outputs the 
address signal n corresponding to the aforemen- 
tioned to the internal address bus AB. From the 


outputs of the comparators CPA and CPB, the 
MPU 10 acknowledges that the address belongs to 
the bus width area of 8 bits. As a result, the MPU 
1 0 sets, as the control signals BS, the signal L to 

5 the logic "1" and the signals U and u' to the logic 
"0" in the first one write cycle. As a result, only the 
aforementioned clocked inverters CN0 and CN1 
are rendered operative. Thus, the lower 8-bit sig- 
nals ID0 to ID7 of the internal data bus DB are 

10 transmitted to the inputs of the output circuits 
DOB0 to D0B7 through the clocked inverters CN0 
and CN1, as illustrated as representatives. As a 
result, in response to the output control signal DOC 
and in accordance with the operation states of the 

15 output circuits DOB0 to DOB15, the data com- 
posed of 8 bits I DO to ID7 are transmitted through 
the output terminals DO to D7 to the external data 
bus SDB(H) of the lower 8 bits of the external data 
bus SDB having the 16-bit width. At this time, the 

20 lower byte write signal LWR is set to the low level 
in the second state T2 and informs the external 
device such as FDCS of the fact that the write 
cycle has the lower 8-bit data. The output terminals 
D8 to D15 corresponding to the external data bus 

25 SDB(L) of the higher 8 bits of the external data bus 
SDB are in the high impedance ("Z"), as shown, in 
response to the high impedance of the outputs of 
the aforementioned clocked inverters CN2 to CN5. 
As a matter of fact, however, insignificant data are 

30 outputted because the output circuits DOB8 to 
DOB15 are operated with the output control signal 
DOC. Despite of this fact, however, there arises no 
problem because the peripheral device to be ac- 
cessed in this write cycle has the aforementioned 

35 bus interface of 8 bits. Therefore, the control termi- 
nals of the clocked inverters CNO to CN3 may be 
shared and fed with the control signal L. 

In a subsequent one write cycle, the MPU 10 
increments the address signal n on the internal 

40 address bus AB on the basis of the logic "0" of the 
signal U and sets the signal u' to the logic "1 " and 
the signals L and U to the logic "0". As a result, 
only the aforementioned clocked inverters CN4 and 
CN5 are rendered operative. As a result, the higher 

45 8-bit signals 1D8 to ID15 of the internal data bus 
DB are transmitted to the inputs of the output 
circuits DOB0 to DOB7 through the clocked invert- 
ers CN4 and CN5, as illustrated as representatives. 
As a result, in response to the output control signal 

50 DOC and in accordance with the operation states of 
the output circuits DOB0 to DOB15, the data of the 
remaining 8 bits IDB to ID15 are transmitted during 
one write cycle through the output terminals DO to 
D7 to the external data bus SDB(L) of the lower 8 

55 bits of the external data bus SDB of the 16-bit 
width. At this time, the lower byte write signal LWR 
is set to the low level in the second state T2 and 
informs the peripheral device such as FDCS of the 


8 


15 


EP 0 417 707 A2 


16 


fact that the write cycle has the lower 8-bit data. 
Thus, in the area addressed by the aforementioned 
registers RA and RB, the data IDO to ID15 of 16 
bits outputted from the MPU 10 are written in the 
peripheral device during the two write cycles by 
the but interface of 8 bits. 

Fig. 10 is a timing chart showing the operations 
of the read cycle of the aforementioned 
input/output buffer IOB shown in Fig. 6. 

In case the MPU 10 reads the data of 16 bits 
from the address n in the bus interface area of 16 
bits shown in Fig. 4, it sets, as the control signals 
BS, the logic signals L and if to the logic "1" and 
the logic signal u" to the logic "0" on the basis of 
the outputs of comparators CPA and CPB. As a 
result, the aforementioned clocked inverters CN6 
and CN7, and CN8 and CN9 of Fig. 6 are rendered 
operative. As a result, in response to the input 
control signal DiC, the 16-bit data on the external 
data bus SDB are transmitted through the external 
terminals DO to D15 to the internal data buses DB- 
(H) and DB(L). 

In case, on the other hand, the 16-bit data are 
to be read by the MPU 10 from the 8-bit bus 
interface area shown in Fig. 4, the following oper- 
ations are executed. In the first read cycle, the 
MPU 10 transmits the address signal n onto the 
internal address bus AB. After this, in accordance 
with the outputs of the comparators CPA and CPB, 
the MPU 10 sets, as the control signals BS, the 
control signal L7 to the logic "1" and the logic 
signals u" and u'" to the logic "0". As a result, the 
aforementioned clocked inverters CN6 and CN7 of 
Fig. 6 are rendered operative. As a result, in accor- 
dance with the input control signal DiC, the 8-bit 
data of the lower external data bus SBD(L) are 
transmitted through the external terminals DO to D7 
to the lower internal data bus DB(L). In a subse- 
quent read cycle, on the other hand, the MPU 10 
increments the address signal n on the internal 
address AB on the basis of the logic "0" of the 
signal U ' of the preceding cycle and sets the 
control signal u" to the logic "1" and the control 
signals u" and l_' to the logic "0". As a result, the 
clocked inverters CN10 and CN11 of Fig. 6 are 
rendered operative. As a result, in accordance with 
the input control signal DiC, the 8-bit data on the 
external data bus SDB(L) are transmitted through 
the external terminals DO to D7 to the higher inter- 
nal data bus DB(H). 

Since, according to the present embodiment 
an arbitrary address information can be written in 
the registers RA and RB, the degree of freedom for 
the user to address the area is increased. Since, 
moreover, the present embodiment is effective for 
all the bus cycles, there is no restriction upon the 
specific instruction or the operation of the data 
transfer. Since, furthermore, the signals are de- 


coded in the microprocessor, a gate delay time 
from the output of the address signal to the control 
signals BS is about 10 to 20 nsecs at the maxi- 
mum, the high-speed access can be attained with- 
5 out any restriction upon the speed unlike the case 
in which the signals are to be decoded outside of 
the chip. In case a control circuit is to be provided 
for determining whether the 8-bit bus interface or 
the 16-bit bus interface is outside of the chip: it 
10 takes 30 nsecs for the address signal to be trans- 
mitted to the external address but; it takes 10 
nsecs to decode and compare the address signals; 
and it takes a setup time of 10 to 20 nsecs to input 
a signal such as the control signals BS to the 
15 external device. In short, a time of 50 nsecs or 
more is required. 

The registers RA and RB may be not only 
those included in the bus controller but also those 
for using the specific address of the internal RAM 
20 14 as the registers RA and RB. Moreover, these 
registers RA and RB may be disposed in the 
execution unit in the MPU 10. 

The following effects can be obtained from the 
embodiments thus far described: 
25 (1) A specific address area is addressed by the 
internal registers, and this access to the specific 
address area is acknowledged so that the data 
bus width is accordingly changed dynamically. 
According to this structure, there can be at- 
30 tained an effect that the microprocessor itself 
can acknowledge whether the address is the 
designated address or the set specific address 
area, to change the bus width accordingly at a 
high speed and for general-purpose properties. 
35 (2) Since the bus width is changed by the afore- 
mentioned addressing, there can be attained an 
effect that the high general-purpose properties 
can be realized without any restriction upon the 
specific instruction or the data transfer. 
40 (3) Thanks to the effect (1), there can be at- 
tained an effect that the system can be con- 
structed by combining the microprocessor hav- 
ing an architecture of 16 bits and a peripheral 
device having an existing rich architecture of 8 
45 bits. 

Although our invention has been specifically 
described hereinbefore in connection with its em- 
bodiments, it should not be limited thereto but can 
naturally be modified in various manners within the 
so gist thereof. For example, not only the bus size but 
also the bus cycle could be changed. If the system 
is constructed of a mixture of high- and low-speed 
memories, for example, an address space, to which 
the low-speed memories are assigned, is accessed 
55 by the registers RA and RB so that the bus cycle 
may be changed to the iow-speed one in accor- 
dance with the operation speed of the low-speed 
memory. 
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Fig. 11 shows an embodiment of a portion of 
another but preferable bus controller 40 according 
to the present invention. This bus controller 40 
includes an address register ARBT to be used for 
switching the data bus width and an address regis- 
ter AR3T to be used for changing the bus cycle, so 
that it executes two kinds of bus controls for 
changing the bus width and cycle dynamically and 
independently. 

This embodiment to be described is one which 
is prepared by eliminating the ROM 12 and the 
RAM 14 from the microcomputer 1 of Fig. 1(a). In 
the embodiment shown in Fig. 1(b), the single chip 
mode is eliminated, and the address areas IROM 
and IRAM of the ROM 12 and the RAM 14 at the 
memory map in the modes 1 and 2 are replaced 
by the externa! address area EX. In other words, 
the minimum extension modes 1 and 2 are made 
to belong to a common memory map, and the 
maximum extension modes 3 and 4 are made to 
belong to a common memory map. As is apparent 
from the description of the bus controller of Fig. 11, 
however, the modes 1 and 3 are used especially 
for the 8-bit interface, and the modes 2 and 4 can 
be interchanged between the 8-and 16- bit inter- 
faces. As a result the degree of freedom for the 
user to design the data processing system is im- 
proved. 

The bus controller 40 of Fig. 11 will be de- 
scribed in the following. This bus controller 40 
includes an 8-bit readable/writable byte area top 
register (ARBT) 405 and an 8-bit readable/writable 
3-state area top register (AR3T) 406. 

The ARBT 405 is used in the modes 2 and 4 
as an address register for setting the address of 
the boundary between the address space (or byte 
area) to be used as the 8-bit bus interface and the 
address space (or word area) to be used as the 1 6- 
bit bus interface. The ARBT 405 can be set at the 
unit of 64 Kbytes in the maximum extension mode 
4 so as to store the higher 8 bits of the boundary 
address fed from the MPU 10 to the data bus DB. 
On the other hand, the ARBT 405 can be set at the 
unit of 4 Kbytes in the minimum extension mode 2 
so as to store the higher 4 bits of the boundary 
address fed from the MPU 10 through the data bus 
DB. 

A multiplexer (MPX) 407 feeds a comparator 
(COMP) 408 with both the address data stored in 
the ARBT 405 and the address signal fed onto the 
address bus AB from the MPU 10. In response the 
maximum extension modes 3 and 4 outputted from 
the mode controller 30, the aforementioned MPX 
407 feeds the aforementioned COMP 408 with the 
8-bit address data stored in the ARBT 405 and the 
higher 8 bits of the address signal on the address 
bus AB. In response to the mode signal MD M ax at 
the low level indicating the minimum modes 1 and 


3, on the other hand, the MPX 407 feeds the 
comparator with the 4-bit address in the ARBT 405 
and the higher 4 bits of the address signal on the 
address bus AB. 

5 The aforementioned COMP 408 compares the 

higher 8 bits (or higher 4 bits) of the boundary 
address data fed from the aforementioned MPX 
407 and the higher 8 bits (or higher 4 bits) of the 
address signal on the address bus AB to output a 

10 comparison result signal RE1 at the high level 
when the address signal on the address bus AB is 
higher than the boundary address stored in the 
ARBT 40. 

The aforementioned signal RE1 is fed to the 

15 first input of an OR Gate G1. The second input of 
the gate G1 is fed with a mode signal MD1 or MD3 
indicating the minimum extension mode 1 or the 
maximum extension mode 3 outputted from the 
mode controller 30. The third input of the gate G1 

20 is fed with the output signal RE2 of a detector 409. 

This detector 409 is linked to the address bus 
AB to detect the address signal, which corresponds 
to one of the various registers in the internal blocks 
16, 18, 20, 22, 28, 36 and 40 indicated at R in the 

25 memory map, when the MPU 10 outputs it onto the 
address bus AB so as to access one of the regis- 
ters, and feeds the output signal RE2 at the high 
level to the gate G1. Thus, in response to the 
signal RE2 at the high level, the mode signal MD1 

30 or Md3 at the high level or the signal RE1 at the 
high level, the gate G1 outputs to the MPU 10 a 8- 
bit data address request signal CRS at the high 
level instructing the 8-bit bus interface. As a result, 
the MPU 10 is controlled to take the 8-bit interface. 

35 It should be noted here that the MPU 10 is 

controlled to take the 8-bit interface even for the 
predetermined address area R in the microcom- 
puter 1 . 

Incidentally, the detector 409 can be designed 

40 by using the address registers RA and RB and the 
comparators CPA and CPB, for example, as shown 
in Fig. 2. However, the detector 409 may be exem- 
plified by a circuit which is designed especially 
therefor by another method. 

45 The aforementioned AR3T 406 is an address 

register for setting an address indicating the 
boundary between the address space to be acces- 
sed in two states and the address space to be 
accessed in three states. The AR3T 406 can be set 

so at the unit of 64 Kbytes in the maximum extension 
modes 3 and 4 so as to store the higher 8 bits at 
the address of the boundary transferred from the 
MPU 10 through the data bus DB. In the minimum 
extension modes 1 and 2, on the other hand, the 

55 AR3T 406 can be set at the unit of 4 Kbytes so as 
to store the higher 4 bits of the boundary address 
which is transferred from the MPU 10 through the 
data bus DB. 
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The output of the AR3T 406 and the address 
data on the address bus are fed to the inputs of a 
multiplexer (MPX) 410 given a function like that of 
the foregoing MPX 407 and further to a comparator 
(COMP) 411. 

This comparator 411 compares the address 
data in the AR3T 406 and the address signal on 
the address bus AB to output a comparison result 
signal RE3 at the high level when the address 
signal on the address bus is higher than the ad- 
dress data in the AR3T 406. 

The signal RE3 is fed to the first input of an 
OR gate G2. The second input of the OR gate G2 
is fed with the signal RE2 from the RD 409. Thus, 
the OR gate G2 outputs a 3-state bus access 
request signal 3T at the high level to the MPU 10 
when it receives the signal RE2 at the high level or 
the signal RE3 at the high level. 

Fig. 12 shows one example of the address 
space in the maximum extension mode 4, which is 
set by using the bus controiier of Fig, 11. In brev- 
ity, the address space (AS1) higher than the ad- 
dress data A1 set in the ARBT 405 is used as the 
interface of the 8-bit data bus, whereas the address 
spaces (AS1 and AS2) higher than the address 
data A2 set in the AR3T 406 are used as the 
interfaces of 3-state bus cycle. Thus: the address 
space (AS1) is used as the interface of the 8-bit 
bus and the 3-state bus cycle; the address space 
(AS2) is used as the interface of 16-bit bus and the 

2- state bus cycle; and the address spaces (AS3 
and AS4) are used as the interfaces of 16-bit bus 
and the 2-state cycle. Incidentally, the address 
spaces (R), i.e., the address spaces of the registers 
in the peripheral circuits 16, 18, 20, 22, 28, 36 and 
40 are used as the interfaces of 3-bit bus and the 

3- state cycles independently of the aforementioned 
ARBT 405 and AR3T 406. 

Fig. 13(a) is a timing chart in case the address 
space (i.e., a portion in the AS4) in the microcom- 
puter 1 to be used as the 2-state bus cycle and the 
16-bit bus interface is accessed by the MPU 10. 
Letter R designates an internal read signal to be 
outputted from the MPU 10 and a read mode when 
it is at the low level. Letter W designates an inter- 
nal write signal to be outputted from the MPU 10 
and a write mode when it is at the low level. 
Incidentally, the 2-state bus cycle is construed to 
mean the bus cycle in which the access for the 
read/write operation is completed for two clocks in 
the system clock 0, i.e., in the states T1 and T2. 

Fig. 13(b) is a timing chart in case the address 
space (R) in the microcomputer 1 to be used as 
the 3-state bus cycle and the 8-bit bus interface is 
to be accessed by the MPU 10. Since, in this case, 
the output signal RE2 of the detector RD of Fig. 11 
is at the high level, both the outputs CRS and 3T of 
the gates G1 and G2 are raised to the high level. 


With this linkage and at the timing shown in Fig. 
13(b), the MPU accesses the address in the ad- 
dress area (R). In Fig. 13(b), letter R designates the 
internal read signal, and letter W designates the 

5 internal write signal. Moreover, the 3-state bus cy- 
cle is construed to mean the bus cycle in which the 
access for the read/write operation is completed for 
three clocks in the system clock 0, i.e., in the 
states T1 , T2 and T3. 

70 The access to the address space (AS3) outside 

of the microcomputer 1, as shown in Fig. 12, is 
used as the 2-state bus cycle and the 16-bit bus 
interfaced and its timing chart is referred to the 
timing chart of the portion of the 16-bit interface of 

75 Figs. 9 and 10. For example, the space (AS3) is 
assigned with the address of the high-speed mem- 
ory such as the CMOS static RAM or the bipolar 
CMOS static RAM. 

Fig. 14 is a timing chart of a fist cycle CL1 in 

20 case the address space (AS2) outside of the micro- 
computer 1 to be used as the 3-state bus cycle 
and the 16-bit bus interface is to be accessed by 
the MPU 10. Fig. 14 also illustrates a bus cycle 
CL2 including a wait state Tw to be inserted by the 

25 wait state controiier 36. This wait state controller 36 
is activated when it receives the 3-state access 
request signal 3T at the high level outputted from 
the bus controiier 40 of Fig. 11. More specifically, 
the wait state controller 36 is activated, in the 

30 address state to be accessed in the 3-state bus 
cycle, to control the MPU 10 so that the wait states 
Tw of a predetermined number may be interposed 
between the states T2 and T3 in accordance with 
the operation mode. 

35 In Fig. 14, letters WAIT are construed to in- 

dicate the voltage level of the external terminal 
WAIT , and the aforementioned wait state controller 
samples the voltage level of the external terminal 
WAIT at the breaking edge of the system clock 0 

40 in the state T2. The wait state Tw is not interposed 
between the states T2 and T3, in case the sampled 
voltage is at the high level, but interposed between 
the states T2 and T3 in case the sample voltage is 
at the low level. There is indicated at CL2 the bus 

45 cycle in which one wait state Tw is interposed 
between the states T2 and T3 in the auto-wait 
mode. 

Incidentally, this address space (AS2) is as- 
signed with the address of the ROM 7 or the like 

50 having a lower-speed address access time than 
that of the static RAM. 

Fig. 15 is a timing chart in case the address 
space (AS1) outside of the microcomputer 1 to be 
used as the 3-state bus cycle and the 8-bit bus 

55 interface is accessed by the MPU 10. At the read- 
ing time, the lower 8-bit external data DO to D7 are 
read out in the bus cycle CL11, and the higher 8- 
bit data D8 to D15 are read out in the subsequent 
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bus cycle CL12, until both of them are read out of 
the external device selected with the addresses n 
and n + 1 and are sequentially introduced into the 
microcomputer 1. At the writing time, on the other 
hand, the lower 8-bit internal data IDO to ID7 are 
outputted in the bus cycle CL11, and the higher 8- 
bit internal data ID8 to ID15 are outputted in the 
subsequent bus cycle CL12, until both of them are 
outputted to the lower external data bus SDB(L) 
from the microcomputer 1 and introduced into the 
external device selected at the addresses n and 
n + 1. 

Fig. 12 shows the case in which the address 
data (A1) set in the ARBT 405 are smaller than the 
address data (A2) set in the AR3T 406. In case, 
however, the address data (A1) are set in the AR3T 
406 whereas the address data (A2) are set in the 
ARBT 405, the address space (AS2) is an area to 
be accessed in the 2-state bus cycle and with the 
8-bit data bus interface. In this case, the address 
space (AS2) is accessed at the timing, as indicated 
as the 8-bit interface in Figs. 9 and 10. 

Thus, by adopting the bus controller 40 of Fig. 
1 1, the bus cycle and size of the address space on 
the memory map can be set freely to some extent 
to improve the degree of freedom for the use to 
design it. 

Incidentally, the foregoing description is direct- 
ed to the example in which the data terminals of 
the 8-bit external peripheral devices 4 and 5 are 
connected with the lower 8-bit external data bus 
SDB(L). However, the present invention should not 
be limited thereto, but the data terminals of the 8- 
bit external peripheral devices 4 and 5 may be 
connected with the higher external data bus SDB- 
(H). In this modification, the DO to D15 of Figs. 5 
and 6 are rewritten to D15 to DO, and the IDO to 
ID15 of Figs. 5 and 6 are rewritten to ID15 to IDO. 

In the timing chart of the 8-bit interface of Fig. 
9, on the other hand, the lower external data bus 
SDB(L) is described to transfer the lower 8-bit 
internal data IDO to ID7 at first and then the higher 
8-bit internal data ID8 to ID15. However, the 
present invention should not be limited thereto but 
can be modified such that the IOB 50 is so con- 
trolled by the MPU 10 that the higher 8-bit internal 
data ID8 to ID15 may be transferred at first to the 
lower external data bus SDB(L) and that the lower 
8-bit internal data IDO to ID7 may then be trans- 
ferred to the lower external data bus SDB(L). In- 
cidentally, the structures of Figs. 10 to 15 may also 
be modified in the aforementioned manners. 

The present invention may be used in not only 
the microprocessor having the internal 16-bit struc- 
ture but also a variety of general-purpose micropro- 
cessors having an 8- or 32-bit structure or a special 
processor. 

The effects to be obtained from the representa- 


tives of the present invention disclosed herein will 
be briefly enumerated in the following. Specifically, 
a specific address area is addressed by the inter- 
nal registers, and this access to the specific ad- 

5 dress area is acknowledged so that the data bus 
width is accordingly changed dynamically. Accord- 
ing to this structure, the microprocessor itself is 
enabled acknowledge whether the address is the 
designated address or the set specific address 

w area, to change the bus width accordingly at a high 
speed and for general-purpose properties. 


Claims 

75 

1. A microcomputer comprising: 

a processor unit (10) capable of accessing a pre- 
determined address space; 

register means (RA, RB, 405 or 406) for setting a 
20 specific address area in said predetermined ad- 
dress space, said register means being used for 
holding address data for defining said specific ad- 
dress area; and 

a comparator (CPA, CPB, 408 or 411) for compar- 
25 ing said address data with address signal to be 
outputted from said processor unit (10), to provide 
a comparison result indicating whether or not an 
address designated by said address signal is in 
said specific address area, 
30 wherein said processor unit (10) accesses said 
specific address area in response to the compari- 
son result, which indicates that an address des- 
ignated by said address signal is in said specific 
address area, and on the basis of a data bus 
35 control different from the data bus control to be 
executed in case an address area other than said 
specific address area is to be accessed. 

2. A method of controlling the transfer of data be 
tween a microcomputer (1) and an external device 

40 (4 or 5) having a data bus size different from that of 
said microcomputer (1) by using a data bus, com- 
prising: 

storing the address data defining said address area 
in a register so as to set the address area of said 
45 external device in the address space of said micro- 
computer; 

comparing the address signal outputted from a 
processor unit (10) in said microcomputer with said 
address data; and 

so matching the data bus size of said microcomputer 
1 with the data bus size of said externa! device, (4 
or 5) when the result of said comparison step 
indicates that the address indicated by said ad- 
dress signal is one in said address area. 

55 3. A microprocessor given additional functions to 
address a specific address area by an internal 
register and to vary the data bus width and/or the 
bus cycle dynamically in accordance with the ac- 
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knowledged result of the access to the inside of 
said specific address area. 

4. A microprocessor according to Claim 3, wherein 
the addressing of said specific address area is to 
address an address bit to be compared by a spe- 5 
cific mode signal. 

5. A microprocessor according to Claim 4, wherein 
said microprocessor is designed according to a 16- 
bit architecture, wherein a peripheral unit according 

to an 8-bit architecture is disposed in said specific 10 
address area, and wherein the transfer of data with 
said peripheral unit is executed at the unit of 8 bits. 
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FIG, 7 
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FIG. 11 
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FIG. 13(a) 
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